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Objective:

Almost half of patients with heart failure (HF) have cognitive impairment. While exercise relates 

to better cognitive health, a hallmark of HF is exercise intolerance. The study objective was to 

explore whether light-to-moderate exercise improves cognitive function in patients with HF. 

Methods: This was an exploratory parallel design study of 69 patients with symptomatic HF (mean 

age=65, SD = 10), recruited from VA and University of California, San Diego Healthcare Systems. 

Participants were randomized to Tai Chi (TC) (n = 24), resistance band (RB) exercise (n = 22) or 

treatment as usual (TAU) (n = 23). The primary outcome was change in Montreal Cognitive 

Assessment (MoCA) scores. We further explored if changes in Beck Depression Inventory – IA 

(BDI-IA) scores or inflammation biomarkers, CRP, TNFα and IL-6 related to altered cognitive 

function. Results: There was a fixed effect of group for MoCA scores changes (F = 8.07, p = .001). 

TC and RB groups had greater MoCA score increases versus TAU, but no differences were found 

between TC and RB. Depression symptom changes predicted altered MoCA scores (ΔR2 = .15, Δ 

= −.413, p = .001). However, group did not interact with depression symptom levels for MoCA 

alterations (p = .392). Changes in CRP levels predicted MoCA scores (ΔR2 = .078, Δ = −.283, p 

= .01), but group did not interact with CRP levels for MoCA alterations (p = .689). Conclusions: 

Light-to-moderate exercises, TC and RB may improve cognitive function. However, the 

mechanisms remain unclear. ClinicalTrials.gov: NCT01625819

Heart failure (HF) affects approximately 6.5 million adults in the United States (1). Fifty 

percent of patients with HF and 90% of all HF deaths occur in adults over 70 years of age 

(2). With age, diminishing cardio-protective and repair systems associated with adverse 
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remodeling are related to progression of disease processes that markedly increase risk for 

development of HF (3). Simultaneously, cognitive impairment (CI) is increasingly 

recognized as a common co-morbidity of heart failure (HF), affecting 25 to 70% of patients, 

varying with patient age, disease severity and method of cognitive assessment (4–6). In HF, 

mild cognitive impairment (MCI) is the most common form of cognitive dysfunction and 

increases risk of dementia with an annual conversion rate of 10–15% (7). MCI is related to 

reduced patient decision-making capacity, and adequate self-care (8), and diminished 

disease self-management (9). In turn, HF patients with cognitive impairment have a five-fold 

increase in mortality (10).

The Institute of Medicine (IOM) lists physical activity as its primary recommendation for 

maintaining cognitive health in older persons (11). Because dementia is associated with 

considerable neuronal damage for which there is a lack of pharmacological treatments, 

developing behavioral interventions that prevent, slow-down, or reverse cognitive 

deterioration are imperative (12). Few older adult patients with HF attend traditional cardiac 

rehabilitation. Barriers include high copays, low exercise capacity and pain13, HF symptom 

severity, frailty (13) and co-morbidities (14). However, lighter intensity exercise may be 

more acceptable for older adults with HF. Physical exercise of at least light to moderate 

intensity (e.g. aerobic exercise, resistance training, multicomponent training, and Tai Chi) of 

a duration of 45–60 min per week was revealed in a meta-analysis from 36 studies of adults 

over 50 years of age, to produce significant cognitive improvements regardless of the 

cognitive status of participants (15). A recent study of 2354 men and women with a mean 

age of 53 years, found that physical activity of light-intensity was related to greater brain 

volume and less brain aging (16). A meta-analysis revealed global cognitive function 

improvements in cognitively impaired adults (ranging from MCI to dementia) practicing Tai 

Chi compared with both non-intervention controls (Hedge’s g=0.35; p=0.004) and active 

interventions (Hedge’s g=0.30; p=0.002) (17). However, there have been few intervention 

studies examining exercise training on cognitive function in patients with HF. Moreover, 

there is limited research examining mechanisms by which exercise may improve cognitive 

function in patients with HF.

Research indicates that greater depressive symptom severity is associated with worse 

cognitive performance (18, 19). This is relevant to HF, since clinically elevated depression 

symptom levels are present in up to 30% of patients with HF and are associated with 

increased clinical events, health care use, and mortality (20–22). Recently, our team reported 

from our parent study that practicing Tai Chi and resistance exercises led to reduced 

depression symptoms in patients with HF (23). Moreover, Alosco et al., found an indirect 

pathway between depression symptoms and cognitive function through cardiovascular 

fitness in patients with HF (24). While these findings from a large cohort study were 

provocative and compelling, the study was observational. However, it is yet unknown 

whether exercise related reductions in depression symptoms can improve cognitive function 

in patients with HF.

Studies suggest that low-grade inflammation may contribute to various age-related diseases 

(25); biomarkers of inflammation are also elevated in patients with HF (26). Moreover, 

relationships are evident between peripheral inflammation markers and cognitive function. 
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For example, our previous cross-sectional study revealed that patients with HF and MCI had 

greater circulating peripheral vascular inflammation marker levels compared to patients 

without MCI (27). Another study found a negative relationship between peripheral 

inflammation biomarkers, C-reactive protein (CRP) and interleukin- 6 (IL-6), and cognitive 

function in patients with HF (28). A meta-analysis revealed that older adults with high 

circulating IL-6 were 1.42 times more likely to have cognitive decline (29). However, not all 

studies found relationships: in the Longitudinal Aging Study Amsterdam of 1,284 

participants with HF showed no relationship between declining cognitive function and 

peripheral IL-6 levels (30). In turn, research suggests exercise can be protective of 

inflammation increases as people age (31). For example, older adults who exercise have 

lower levels of circulating IL-6 (32). A meta-analysis revealed exercise training led to 

reduced CRP (33). Less is known about patients with HF, whether exercise can reduce 

inflammatory processes and consequently improves cognitive function.

The present study was a sub-study from our parent study: Exploring Tai Chi as a Behavioral 
Intervention for Heart Failure. The primary aims of the parent study were to examine effects 

of light-to-moderate intensity exercise on cardiac function (percent left ventricular ejection 

fraction, %LVEF; End Systolic Volume, ESV; End Diastolic Volume, EDV). Secondary aims 

were to assess physical (6-minute walk test), and psychological function (depression 

symptoms). Results from primary and secondary aims are reported elsewhere (23). 

Considering prior research in individuals without HF depicting improved cognitive function 

with mild-to-moderate exercise and because of the high risk of cognitive impairment in 

patients with HF, our primary objective was to preliminarily explore effects of mild-to-

moderate exercise on cognitive function in patients with HF. To examine potential 

mechanisms, we explored whether depression symptoms and inflammation biomarkers 

relate to cognitive function changes, as a response to the mild-to-moderate exercises. We 
previously reported depression symptoms as a dependent outcome measure in response to 
participation in the parent RCT (23). However, cognitive function and its relationship with 
depression symptoms and inflammation biomarkers were not previously reported.

METHODS

Trial Design:

The parent study is registered at ClinicalTrials.gov: NCT01625819. Study details were 

reported previously (23). Briefly, this was a randomized-controlled trial (RCT) using a 

parallel design. Participants were randomized to one of three conditions: Tai Chi (TC), 

resistance band training (RB) or treatment as usual (TAU). This sub-study examined 69 

patients with HF who received either pre- or post- Montreal Cognitive Assessment in 

addition to the assessments of the parent study (see CONSORT diagram, Figure 1), 

including depression symptoms, inflammation biomarkers and demographic information. 

The protocol for the parent study and cognitive testing sub-study received approval by 

VASDHS and UCSD Institutional Review Boards.
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Participants:

Participants were recruited, and the study was performed at the Psychiatry Department at the 

University of California, San Diego (UCSD) and the VA San Diego Healthcare System 

(VASDHS). Inclusion criteria for the parent study consisted of a diagnosis with American 

Heart Association/American College of Cardiology classification, Stage C symptomatic HF 

(both preserved (HFpEF) and reduced (HFrEF) ejection fraction subtypes) of at least 3 

months, clinically stable: not having been hospitalized for a 3-month period, on stable doses 

of neurohormonal blocking agents and diuretics for at least 3 months, no cardiac surgeries 

for at least 6 months. Exclusion criteria included the presence of any psychiatric diagnosis 

(other than major depression) (see Table 1 for participant characteristics).

Interventions:

Interventions were previously described (23). Briefly, participants were randomly assigned 

to three conditions. The two active groups consisted of Tai Chi Chuan-Short Form (Yang-

style, first third) (TC) and RB training that was based on the U.S. Department of Veterans 

Affairs “Move” program Move (39). TC and RB participants attended classes twice per 

week for 60 minutes per session for 16- weeks and were also asked to practice at home for 

10–20 minutes per day on non-class days. The treatment as usual (TAU) group did not take 

part in an intervention. As described previously (23), RB replaced an education control 

condition in response to NIH study section reviewer recommendations. Exercises for both 

groups were each led by an experienced instructor, performed in groups of 6 – 8 participants 

held at the UCSD Medical Center. RB exercise was chosen as a comparison to TC due to the 

psychosocial and light-to-moderate physical exertion level similarities. Both the TC and the 

RB require minimal equipment, can be performed in community centers, clinics, and 

practiced at home. For the present study, the instructors had more than 10 years of 

experience instructing chronically ill and older adults. Both interventions had standardized 

manuals that were followed by instructors, with written materials provided to both groups to 

support home practice. All participants received standard of care throughout the study 

including regular visits to their primary care physicians, cardiologist, and other health 

specialists. In both the TC and RB intervention groups, participants were asked to exercise at 

an intensity using the Borg ratings of perceived exertion (RPE) of 11–13 (“fairly light” to 

“somewhat hard”). The Borg RPE scale ranges from 6 to 20 with 6 described as “no 

exertion” and a score of 20 is “maximum exertion.” (40) The parent study (23) found a 16% 

dropped out, with no group differences in drop-out rates (p >.5). The TC group attended a 

median of 87% of classes and practiced a median of 74 min/wk and the RB group attended 

81% of classes and practiced 60.8 min/wk. There were no differences between the two active 

intervention groups for class attendance (p > .5) or practice time outside of class (p > .5). 

There were no adverse events (harms) associated with the interventions.

Outcomes:

Outcomes were assessed at baseline and after 16- weeks (post- interventions). Montreal 
Cognitive Assessment (MoCA) was added to the parent study as an exploratory measure, 

prior to the parent study’s commencement to gather preliminary information on cognitive 

function in response to mild-to-moderate exercise. One of three versions of the MoCA (34) 
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were randomly assigned to each participant and counterbalanced for follow-up visits. The 

MoCA is a one-page test, that takes approximately 10 minutes to complete. It assesses 

cognitive domains including, short-term memory recall, executive function, verbal 

abstraction, visuospatial abilities, working memory, concentration, attention, language, and 

orientation. One point was added for subjects with 12 years or fewer of formal education, for 

a possible maximum of 30 points. Lower scores indicate lower cognitive function. Among 

HF, MoCA exhibits a sensitivity of 64% and specificity of 66% to detect cognitive 

impairment, compared with a full neuropsychological battery; furthermore, discriminant 

function analyses indicate patient differentiation of impairment on multiple domains (35). A 

review of the literature suggests that a stringent score of less than 24 yielded the best 

diagnostic accuracy for determining MCI versus healthy cognitive aging (36).

The 21-item Beck Depression Inventory −1A (BDI-IA): shows high reliability and 

ability to discriminate between depressed and non-depressed participants with broad 

application in research and clinical practice (37). The BDI has often been used to measure 

depression in patients with cardiovascular disease (CVD).

Biomarkers: Blood was drawn from participants between 0800 h and 0900 h. We assessed 

inflammation biomarkers known to be associated with cognitive impairment and depression 

including IL-6, C-reactive protein (CRP), and TNFa. (28, 29, 38) Whole blood was drawn 

into a 10 mL vacutainer tube preserved with EDTA after a ten-minute rest period, while 

participants were in an upright sitting position. Whole blood samples were placed on ice 

immediately, centrifugation occurred within 30 minutes, and plasma was stored at −80 ° C. 

Commercial high sensitivity ELISA (Meso Scale Discovery, Rockville, MD) were used to 

determine circulating levels of biomarkers and performed in duplicate. The assay 

sensitivities of these markers range from 0.1 to 10.1 pg/mL.

Sample Size, Randomization and Blinding:

Since the present investigation was exploratory, a power analysis was not performed prior to 

collecting cognitive data. However, a post-hoc power analysis indicated a power of 0.80 to 

detect a medium effect size (η2 = .06) (42) with an alpha of 0.05 to determine main effects 

of group on MoCA scores over time. Following the baseline visit, the study coordinator 

generated the randomization sequence without stratification using a computer-generated 

algorithm and randomized participants to one of three groups: TC, RB or TAU. The 

sequence was concealed from the principal investigator, recruitment personnel, patients and 

research assessors until interventions were assigned. Assessors, recruiters and principal 

investigator remained blinded to group allocation.

Statistical Methods:

Analyses were performed using SPSS version 25 (IBM Corp, Armonk, NY). Skewness and 

data distribution were determined by the Kolmogorov-Smirnov test and were transformed 

logarithmically for variables that were not normally distributed (i.e. pro-inflammatory 

markers, IL-6, TNFα and CRP). Baseline differences between groups were examined using 

analysis of variance (ANOVA) for continuously measured variables and Kruskal-Wallis test 

for non-continuous variables. Primary outcomes were analyzed with an intent-to-treat 
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mixed-effects model to examine the efficacy of TC compared with RB exercises and TAU 

over 16 weeks of treatment (41). The analyses for group differences over time in cognitive 

function consisted of a model that included group, time, and group × time interaction as 

fixed effects with a heterogeneous first order autoregressive covariance structure, while 

adjusting for %LVEF and age. Exploratory linear regression analyses were performed with 

mean substitution for missing data to examine associations among BDI and biomarker 

changes, and MoCA scores over time, while adjusting for %LVEF, age and body mass index 

(BMI). Also, group x BDI and biomarker interactions, on changes in MoCA scores were 

examined.

RESULTS

Participant Flow, Recruitment and Baseline Demographics:

A CONSORT diagram of participant flow for the present sub-study is presented in Figure 1. 

Participants from the parent and sub-study were recruited beginning 3/17/2011 and active 

patient participation ended 04/30/2015 at the conclusion of grant funding. Registration for 

ClinicalTrials.gov was completed 4/18/12 and is still open for analyses. We did not perform 

analyses from the study data prior to the clinical trials registration. Of the 70 participants in 

the parent study, MoCA measures pre- or post- 16-weeks were collected from 69 

participants by a trained research assistant blinded to group assignment (TC: N = 24, RB: N 

= 22, TAU: N = 24). The baseline median age of the participants was 65 (range = 44 – 89), 

VA patients were 70% of the sample, 90% of participants were male, MoCA scores averaged 

24 (SD = 4) and BDI scores averaged 10 (SD = 7) suggesting mildly elevated depression 

symptoms (43). A total of 41% of participants were below cutoff for MCI (≤ 23) (36). 

Primary analyses revealed that the groups did not differ regarding age, race, gender, 

education, smoking status, body mass index, depression symptoms, cognitive function 

scores, and inflammation biomarkers (see Table 1 for baseline participant characteristics). 

Also, those who dropped out of the study or had missing MoCA’s did not differ from those 

who had complete data (p’s > .10).

Primary Outcomes

Group differences in cognitive function (see Table 2): This was an intent-to-treat 

study of 69 participants from the parent study. A mixed-effects model revealed significant 

fixed effect group differences over time for MoCA scores (group x time interaction, F = 

8.11, p = .001), while adjusting for %LVEF and age. Compared with the TAU group, which 

decreased there were significant estimated fixed effect mean increases in MoCA scores over 

time for the TC group [95% CI, 0.55 to 4.1, p = .011] and the RB group [95% CI, 1.7 to 5.4, 

p < .001]. There were no differences over time between TC and RB groups [95% CI, −3.3 to 

7.5, p = .21].

Exploratory analyses:

Relationships among biomarkers, depression and cognitive scores: Analyses 

were performed from 69 participants using mean imputation for missing data (see 

CONSORT diagram). Depression symptoms in both TC and RB groups were reduced over 

the 16-week interventions compared with TAU (p’s < .05) (as reported in the parent study 
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(23)). While baseline depression scores were not significantly related to baseline MoCA 

scores (p > .1), changes in BDI-IA negatively predicted changes in MoCA scores (ΔR2 

= .15, Δ = −.413, p < .001), while adjusting for %LVEF and age. However, there was not a 

significant interaction between group x BDI-IA on MoCA scores (ΔR2 = .007, Δ = .244, p 

= .392). Similarly, changes in CRP levels predicted alterations in MoCA scores (ΔR2 = .078, 

Δ = −.283, p = .011), while adjusting for %LVEF, BMI and age, but not an interaction 

between group x CRP on MoCA scores (ΔR2 = .002, Δ = .104, p = .689). (see Table 3). 

There was a trend for changes in IL-6 to predict alterations in MoCA scores (ΔR2 = .043, B 

= −.209, p = .062) and TNFα did not predict alterations in cognitive function over 16-weeks 

(p = .97). Neither IL-6 or TNFα-interacted with group for alterations in MoCA scores (p 

> .20). Similar findings were revealed by excluding cases listwise, whereby changes in 

depression symptoms and CRP levels (p’s < .05), and a trend for IL-6 predicted reductions 

in MoCA scores (p’s < .07) and similar lack of interactions with group for MoCA scores 

(p’s > .30).

DISCUSSION

As hypothesized, practicing TC and RB exercises for 16- weeks related to improved 

cognitive function scores compared with the TAU (see Table 2). Our findings correspond 

with studies in non-HF groups, including studies of older adults showing light-to-moderate 

exercise increased cognitive function (15, 17). Importantly, CI in older patients with HF can 

result in a vicious circle resulting in worsening HF prognosis, since older patients are more 

likely to be non-compliant due to difficulties adhering to complex medical regimens (3). 

Future studies are needed to examine whether light-to-moderate intensity exercises in 

patients with HF may improve the ability to comply with medically necessary self-care 

routines.

Studies suggest depression symptoms are related to worsening cognition in older adults, 

such as a study of over 8000 men and women, age 65 and older from the US Health and 

Retirement Study (44). In a study of over 300 patients with HF (mean age = 69) there was a 

correspondence between depression symptoms and cognitive function (18). In another study 

of older adults with HF, a model was tested showing a relationship between depression 

symptoms and cognitive function, which was mediated through cardiovascular fitness (24). 

However, there are a lack of exercise intervention-studies in patients with HF that have 

prospectively examined changes in depression symptoms on cognitive function. In the 

present study of older adults with HF, our baseline data did not find a relationship between 

depression symptoms and cognitive function; whereas, reductions in depression symptoms 

over 16-weeks were related to cognitive improvements. However, while both light-to-

moderate exercise groups had improved depression symptoms and cognitive scores, we did 

not find relationships among group, depression symptom changes and cognitive function. 

This may suggest that depression and cognitive outcomes were independent responses to 

mind-to-moderate exercise. Although, the lack of relationship may be due to the small 

sample size and should be examined more fully in a larger-scaled randomized controlled 

trial.
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Prior reports observed relationships between elevated inflammation biomarker levels and 

cognitive function (27, 28). Our present study found that higher baseline levels of TNFα 
were related to lower cognitive function and increases in CRP levels over 16-weeks were 

related to lower cognitive function. However, we did not find a relationship among group, 

inflammation biomarker change and cognitive function. Also, we did not find group 

differences in inflammation biomarker levels over time. Our findings may be similar to other 

exercise studies including the HF-ACTION study which also found no reductions in 

inflammation markers including CRP, IL-6, or TNFα in response to exercise practice (45, 

46). Notably, patients with HF have elevated inflammation levels (47), which may preclude 

shifting these levels to a clinically meaningful degree with exercise.

As previously stated, the primary aims of the parent study are published elsewhere (23). The 

main limitation of this exploratory sub-study is a modest sample size resulting in limited 

statistical power and results should be interpreted with caution. Because of a deficiency of 

eligible patients with symptomatic HF from two clinic sites, our small modular R01 enrolled 

70 participants, from the projected 135 participants. The present sub-study should be 

repeated with a larger multi-site investigation. Having a small sample size barred the 

inclusion of important covariates that may affect cognitive function, depression and 

inflammation. Moreover, we could not address differences between HF with preserved 

ejection fraction (HFpEF) and reduced ejection fraction (HFrEF) effectively. However, both 

groups are known to experience cognitive impairment (49) and therefore, the findings are 

likely relevant to both groups. Other limitations include a lack of measurement of exercise 

intensity, although participants in both groups were asked to perform activities at a Borg 

scale level of light to moderate difficulty, by increasing the size of body movements for the 

TC group and increasing the resistance for the RB group. Moreover, TC and resistance 

exercises are determined by other investigators to be light-to-moderate intensity in older 

adults (15, 17). Another major limitation was the small number of women in the study, since 

most patients were recruited from the VA hospital. This limits the generalizability of the trial 

findings.

Summary and conclusion: Participation in both TC and RB exercises were associated with 

greater improvements in cognitive function scores compared with TAU. As we previously 

reported, depression symptoms also declined more in the TC and RB groups compared with 

TAU (23); while, the sub-study saw no differences between groups in inflammation factors 

over the 16-week period. It was also observed that improved cognitive function scores over 

time for the whole cohort were related to reduced depression symptoms and CRP levels. 

However, group participation did not appear to influence these relationships. This suggests 

that while depression symptoms and inflammation factors may be related to cognitive 

function in patients with HF, they may not be mechanistic factors for improvements in 

cognitive function in response to mild-to-moderate exercise. These results should be 

considered exploratory and a larger, fully powered study is needed to evaluate the efficacy of 

TC and resistance training and for preventing cognitive decline in aging and the mechanisms 

that may be involved.
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Highlights

• Around half of patients with heart failure have cognitive impairment.

• The present study found light-to-moderate exercise interventions were related 

to increased cognitive function scores compared with treatment-as-usual, in 

patients with heart failure.

• Depression symptoms and inflammation biomarker, C-reactive protein levels 

were related to cognitive function among the whole cohort.
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Figure 1. 
CONSORT diagram
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Table 1.

Baseline Subject Characteristics

N Total 69 TC 24 RB 22 TAU 23 P value

Age 65 (10) 63 (9) 65 (9) 67(7) .52

Sex (% male) 89 92 86 87 .81

Race (% white) 68 68 82 54 .29

%LVEF 46 (14) 44 (13) 46 (14) 46 (12) .85

Smokers (n) 9 4 3 2 .68

HFpEF (n) 29 10 10 9 .79

BMI (kg/m2) 32(8) 32(8) 33(8) 31(6) .64

Marital (married) 30 32 23 29 .57

MoCA score 24(4) 24(3) 22(4) 24(4) .14

BDI 9 (7) 10 (6) 12 (8) 8 (6) .17

CRP (mg/L) 2.5 (3.5) 7(4.8) 1.6 (1.1) 2.0 (3.0) .33

IL-6 (pg/ml) 1.5 (.84) 1.5 (.85) 1.9 (.93) 1.3(.75) .34

TNFα (pg/ml) 3.2 (1.2) 3.3 (1.4) 3.8 (1.1) 2.7 (.54) .08

Data are reported as mean ± SD or ‘n’. Analysis of variance or Kruskal-Wallis test were used to determine significant baseline group differences. 
TC = Tai Chi; RB = resistance band; TAU = treatment as usual; BDI = Beck Depression Index; BMI = body mass index; HFpEF = heart failure 
with preserved ejection fraction; LVEF = left ventricular ejection fraction; MoCA=Montreal Cognitive Assessment; CRP = C-reactive protein; IL-6 
= interleukin-6; TNFa = tumor necrosis factor- alpha
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Table 2.

Pre- and post- 16 weeks

TC (n = 18) RB (n = 15) TAU (n = 18)

MoCA* pre 24.3 (3) 22.9 (4) 24.7 (2)

post 25.2 (3) 24.9 (4) 23.6 (3)

BDI* pre 9.6(6) 11.9 (7) 8.0 (6)

post 6.1 (5) 8.6 (6) 7.0 (6)

CRP mg/L pre 3.7 (4.8) 1.6 (1.1) 2.0 (3.0)

post 4.5 (4.4) 1.4 (1.5) 2.2 (2.4)

IL-6 pg/ml pre 1.5 (.8) 1.9 (.9) 1.3 (.7)

post 2.0 (1.4) 1.8 (1.6) 1.3 (.7)

TNFa pg/ml pre 3.3 (1.2) 3.8 (1.1) 7 (.5)

post 3.0 (1.2) 3.8 (1.8) 2.7 (1.3)

Repeated measures analysis of variance (ANOVA)

*
(p< .05)

Data are reported as mean ± SD. TC = Tai Chi; RB = resistance band; TAU = treatment as usual; BDI = Beck Depression Index; MoCA=Montreal 
Cognitive Assessment; CRP = C-reactive protein; IL-6 = interleukin-6; TNFα = tumor necrosis factor- alpha
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Table 3.

Linear Regressions: Dependent variable = post treatment- MoCA.

ΔR2 Beta P

Age** .106 −.326 .006

%LVEF .002 −.044 .706

MoCA (pre- tx)** .095 .327 .006

ΔBDI** .150 −.413 .001

Group .010 −.102 .329

Group X ΔBDI .007 .244 .392

Age** .106 −.326 .006

%LVEF .002 −.044 .706

MoCA (pre- tx)** .095 .327 .006

ΔCRP* .078 −.283 .010

Group .029 −.173 .107

Group X ΔCRP .002 .104 .689

Age** .106 −.326 .006

%LVEF .002 −.044 .706

MoCA (pre- tx)** .095 .327 .006

ΔIL-6 .042 −.207 .061

Group .039 −.204 .066

Group X ΔIL-6 .016 −.317 .236

Age** .106 −.326 .006

%LVEF .002 −.044 .706

MoCA (pre- tx)** .095 .327 .006

ΔTNFα .001 .006 .957

Group .028 −.173 .130

Group X ΔTNFα .005 −.207 .520

BDI = Beck Depression Index; MoCA=Montreal Cognitive Assessment; CRP = C-reactive protein; IL-6 = interleukin-6; TNFα = tumor necrosis 
factor- alpha;

*
p < .05,

**
p<.01
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